It has been shown that the recently discovered sulfur trihydride (H 3 S) can be considered as a superconductor with a transition temperature Tc of 203 Kelvin (K) at 155 GigaPascals (GPa). This is the highest Tc value reported for any superconductor. The established superconductivity occurs via the formation of a molecular system with sulfur atoms arranged on a body-centered cubic lattice. It has been generally accepted that the high Tc value is the result of an efficient electron-phonon interaction. The responsible substance formed by H 2 S under high pressure, may be considered as a compound with H 3 S stoichiometry creating an impressive network with hydrogens. We will focus on the hydrogen bonding between sulfur and hydrogens demonstrating a symmetrical arrangement. The geometry of the individual radical compound in relation to corresponding systems will be discussed. Ab initio calculations based on a linear three-center two-, three-and four-electron type of bonding clearly visualized in combination with the dynamics of the Van't Hoff concept, as described by us in various papers, give a good description of this exclusive network. We also discuss the superconductivity of related phosphorus hydrides and focus on the stability and geometrical differences with respect to the H 3 S system. These differences are significant, demonstrating the diversity in various structures in showing superconductivity.
Introduction
Errea et al. [1] demonstrated a quantum hydrogen-bond symmetrization for the recently discovered superconductivity of sulfur trihydride (H 3 S) by Drozdof et How to cite this paper: Buck, H.M. (2017) A Molecular Description of Superconductivity of Sulfur Hydride and Related Sys-al. [2] . With a transition temperature (Tc) of 203 Kelvin (K) at 155 GigaPascals (GPa), it is the highest Tc value for this moment.
In fact there are two competing crystal structures, indicated as R3m and 3 Im m phases corresponding without symmetrization, i.e. a covalent S-H and a longer S•••H bond, and with symmetrization for equal bonds, respectively. In Figure 1 , an impression is given (abstracted from Figure 1 [1] ) for the symmetrical arrangement. X-ray diffraction confirms the H 3 S stoichiometry and the sulfur lattice sites [3] [4] [5] [6] [7] . The supposed geometric difference between the S-H bond lengths between the two phases could not be experimentally demonstrated.
The hydrogen atom position is difficult to detect with X-ray diffraction even with single-crystal experiments. This aspect is strengthened by proton-like networks. A new method has been very recently demonstrated [8] .
In order to make a difference between these types of bonds, we used the classical convention of covalent and hydrogen bonding. With the latter bonding the electrostatic interaction delivers an important contribution through the proton-like arrangement. The fundamental role of hydrogen in (bio)physical chemical interactive sites will be explained and discussed on the basis of several examples in combination with related systems. Attention will be given at conformational changes in extended covalent-bonding systems.
From the DFT calculations, Errea et al. concluded that the structure corresponding with equal sulfur-hydrogen bond distances is the favored configuration for the superconductivity [1] . It is expected, based on experiments of Drozdov et al., that superconductivity at room temperature is possible for other hydrogen-rich systems if the quantum motion of the hydrogen affects the stability of the hydrogen chemical bonding and the electron-phonon coupling [2] . Figure 1 . Crystal structures of the 3 Im m phase in which sulfur is surrounded by hydrogens with equal S-H distances. For the expected variations in the bond length, illustrating the differences in the competing phases, we refer to the text.
We also discussed the superconductivity of phosphorus hydride based on recent theoretical models of Shamp et al. [9] . An exclusive arrangement of the phosphorus atoms drew our attention.
From experiments based on pressure-induced decomposition of solid H 2 S, it is clear that under the high-pressure conditions a range of decompositions is possible mostly resulting in the favored H 3 S configuration. We discuss the geometry of the individual H 3 S radical in comparison with its corresponding cation.
The differences are obvious.
Symmetry changes under high-pressure conditions were among others noticed by Edwards 3 X by substitution of X with nucleophiles via a trigonal bipyramidal state, in which the transferred carbon may be described as a methyl planar triangle cation [11] . Ab initio calculations based on a linear threecenter two-, three-and four-electron type of bonding clearly portrayed in combination with the dynamics of the Van't Hoff concept, as described by us in various papers, give a good description of the exclusivity of the network in its role as superconducting system. For this specific hydrogen symmetrization we briefly summarize the dynamics of the Van't Hoff model. This process is based on the transition of a regular tetrahedron in which the interstitial carbon changes its position from tetrahedral into a trigonal bipyramidal configuration. It resembles a nucleophilic halogen (X − ) addition-substitution reaction based on the S N 2 profile. The identity reaction of X − + CH 3 X starts with a tetravalent carbon C(IV) and proceeds via a pentavalent carbon C(V) with (mirror)carbon inversion. This model description can be converted in a number of equations. With ( )
 the bond distance of C-X in the tetrahedral configuration, with ( )
 the bond distance of C-X in the pentavalent state, and the tetrahedral angle θ, the following characteristics can be given [11] [12]: In all these cases for proton dynamics we are dealing with hydrogen-bond symmetrization in their transition intermediates. Energy minima has been calculated based on cage compounds with geometrical variation. However, these compounds show under crystalline conditions proton localization between nitrogens as exclusive biophysical sites with short N-H and long N•••H bonds. These distances correspond (or differ) with (from) the hydrogen-bridge distances in DNA in dependence of the length of the N-N distance determined by the geometrical constraints of rigid frameworks as clearly demonstrated by Gunbas and Mascal [16] . The short-long distances 1.069Å and 1.733Å, correspond with the hydrogen bonding in the DNA duplex and similar systems. One of the fascinating examples in which this type of hydrogen bonding is correlated with intermolecular complexation, demonstrating an exceptional dielectric response, has been found in the disproportionation of pyrazine-HClO 4 in the N-H•••N hydrogen-bonded complexes. In all these cases the distance between the nitrogen sites is in excellent correspondence with the Van't Hoff concept [17] .
For the dynamic displacement of the methyl cation no trigonal bipyramidal configuration could be synthesized with the characteristic value R(d) = nated by its rigid framework. This is a cage compound in which the migrating particle is already placed on the vital position of the principal reaction coordinate for the linear three-center four-electron transition state. Furthermore, it is of interest that the tetrahedral configuration under the conditions of the predestinated geometry reflects the pre-and post-geometry of the identity nucleophilic reactions as formulated by the identity reaction of X − + CH 3 X, resulting in short (C-X) and long (C•••X) bonds as d and ( )
Within the same framework this aspect can be found back in which the electrophile is frozen in a tetrahedral configuration for -BCl 2 (-BF 2 gives the pentavalent state, vide supra). The X-ray data give for the short and long bond distance DFT values of 1.77Å and 2.77Å with a ratio of 1.56. Summarizing, the geometric switch is the consequence of change in electronegativity from -BCl 2 into -BF 2 [12] [19] . Trigonal bipyramids as pentavalent configurations are mostly found for silicon, phosphorus and sulfur with R(d)-values (much) smaller than the critical value of 1.333. In these cases also the influence of the substituents of the central elements has been clearly demonstrated in the energy profile focused on the intermediate structure [19] .
With the composition of equations as given before we can describe the threecenter four-, three-and two-electron type of bonding under conditions of linearity. However, there are examples using ab initio calculations showing deviation from linearity. As an example we mention the differences for identity reactions for H 3 CH, proton-like with its anion ( 
Results and Discussions

The Pressure (GPa) as a Function of the Lattice Parameter(a) for the Symmetric H3S Structure
Values for the pressure corresponding with the lattice parameters were offered by Errea et al. [1] . These numbers given in Table 1 , are based on calculated values for the pressure for each lattice parameter. They mentioned that the pressure (in GPa) for each lattice parameter (a, in Å) is calculated within the PBE (Perdew-Burke-Ernzerhof) approach and including anharmonicity for the latter vibrations [1] . These results are elaborated under Table 2 and summarized for the pressure as function of 1 V , in which V corresponds with a 3 . Each hydrogen atom resides midway between two sulfur atoms as part of a cubic symmetry. The apparent lattice parameter approaching zero-pressure condition has been obtained by extrapolation as shown in Figure 2 . From this approach we were able to obtain additional control for the expected change in S-H bond distance. The numbers of Errea et al. given in Table 1 , are the calculated values for the pressure for each lattice parameter, vide supra. ) and the bond distance d(Å) of the covalent S-H bond following the Van't Hoff model a and the interrelated models b . The significance of our approach lies in the possibility that we might be able to get an impression of the compactness of the structure as realized by its cubic symmetry since it is often suggested that this cubic structure is very close to the In fact these different geometries are clearly demonstrated (stabilized pentavalent and tetravalent boron complexes) as shown before [19] .
With the demonstrated coherence for the off-centering of the proton resulting in a ratio between the long and short SH bonds of a factor 1.667, it will be clear that the compactness of the structure as suggested will be strongly reduced in the R3m phase compared with the optimal symmetrization in the ideal cubic structure (this factor decreases in the order of 1.667, 1.500 to 1.334 for proton-, hydrogen atom-to hydride-like, respectively, demonstrating a regular decrease) [11] [12] [13] . We presume that for interrelated models under pressure there is a slightly distorted symmetry in order to accommodate the hydrogen network resulting in a decrease of bond distances. The latter aspect is shown in Table 2 . [21] . It is to be expected that the significance for life science will increase because of their mutual influence on the conformational changes that may result in loss of specificity [22] .
From these findings it seems that the result of Table 2 
Superconduction of Corresponding Phosphorus Hydrides. Stability and Geometrical Differences
Hypervalent radicals as H 3 S have been shown to be meta-stable on the microsecond time scale when generated as partially deuterated species [23] . However, most of the research came from an ESR study of . These radicals may be considered as "stable". On the other hand many simple PH radicals are described under specific matrix conditions.
The TBP-e and TBP-a configurations for the H 3 S radical seem realistic because of the separation of the sulfur lone-pair and the odd electron. However, the e, e bond angles ask for an increase of about 25˚. In the H 3 S cation the sulfur atom has C 3v symmetry with bond angles of 94.2˚ and a S-H distance of 1.35Å, values corresponding with ab initio results. Generally, the distance is varying from 1.32Å -1.35Å (the sum of the covalent radii is 1.32Å) [26] . Accommodating the odd electron for the formation of the H 3 S radical with conservation of a tetrahedral geometry is very unlikely in the absence of an electronegative ligand.
Under these conditions a fast dissociation takes place into hydrogen and H 2 S. In fact the problem must be reduced to the most effective location of the unpaired electron on sulfur. We suggest the contribution of a sulfur 4s orbital participation. This approach involves that the H 3 S radical can be considered as a pseudo alkalimetal (potassium). This special 4s electron may play a specific role in the electron-phonon contribution of the crystal lattice in the superconducting sulfide system consisting of the sulfur atoms arranged on a body-centered cubic lattice.
The suggestion of the 4s contribution finds its origin in an article describing the electron-driven proton transfer from hydrogen chloride to ammonia. An example for a system which might be considered as an outer complex. Eustis et al. describe this interaction as a hydrogen-bonded complex H 3 N•••HCl that via an excess electron is converted into the ionic ammonium chloride in which NH 4 can be considered as a Rydberg radical with the odd electron in the 3s orbital, resulting in a pseudo alkalimetal (sodium) electron distribution [27] . For the ionization potential of the NH 4 radical 5.08 eV was calculated, a value corresponding with the ionization potential of sodium (exp. value 5.14 eV). We discussed the overall electron-induced proton transfer from the gas phase proton affinities, clearly demonstrating the endothermic character of this proton transfer [19] . The difference in proton affinity is 5.47 eV in favor of Cl In our opinion the 4s electron of a H 3 S radical may play a specific role in the electron-phonon contribution of the crystal lattice. It is possible that the superconduction temperature is tuned by the introduction of electrons through a specific orientation of the H 3 S radical on the surface of the hydrogen sulfide system [28] . Focusing on specific physical chemical properties in the hydrogen network, we hypothesize that the proton-like location in the hydrogen sulfide system promotes an interplay with the 4s electron of the H 3 S radicals.
In fact a part of this consideration has been also described in an essay of Steele on Approaching an Ambient Superconductor (2005) . In this work a synthesis is proposed for the 1,3,5-trithiabenzenium monocation with two electrons located in sulfur 4s AOs. According to Steele's theoretical and experimental approach, the trithiabenzenium cation may be considered as a molecular metal demonstrating superconductivity. The preferred location for the sulfur 4s AO orbital has been discussed in detail.
In order to demonstrate the unique behavior of H 3 S as superconductor, we will focus attention on the recent theoretical research of Shamp et al. [9] . They used evolutionary algorithms in combination with DFT calculations to demonstrate stable hydrides derived from the decomposition of phosphine indicated as PH [1] [2] [3] [4] [5] [6] In fact from a naive view that we are dealing with an overall +3.0 charge (three alternating "phosphonium" tetravalent locations) that must be reduced to zero by the introduction of an equal polarity at hydrogen of each P-H bond, remains rather misleading (compare with the aforementioned results as calculated for 100 and 150 GPa). Via reallocation we obtained for the q P values corresponding with 150 GPa: +0.955 (P in PH 3 -), +0.235 (P in -PH-), and +0.620 (P in -PH 2 -) in combination with a q H (av.) = −0.30. However, it is to be expected that the polarity following this procedure is on the high side (for a single covalent P-H bond we estimate a value of −0.15).
However, the P atom in PH 3 -is octahedrally coordinated with three phosphorus atoms and one hydrogen in equatorial position and two hydrogens in axial position. The P atom in -PH-has a trigonal bipyramidal configuration with two phosphorus atoms in apical positions and two phosphorus and one hydrogen in equatorial position explaining the H 3 P-PH-PH 2 angle of about 130˚ (idealized configuration 120˚) as visualized in Figure 3 , corresponding with a nonbonding P•••P distance of 3.9Å -4.0Å. This value corresponds with the Van der Waals interaction of 3.9Å. The P atom in -PH 2 -has an octahedral geometry with four phosphorus atoms in equatorial and two hydrogens in axial position. The The phosphorus atoms are orange and the hydrogen atoms white. The figure is abstracted from Figure 3 [9] .
geometrical refinement along the phosphorus atoms results in an inversion center of symmetry. This is visualized in Figure 3 . Many in(organic) phosphorus compounds are well-known with a trigonal bipyramidal and octahedrally coordination, simplfied as PX 5 and 6 PX − (well known for X = halogen). The trigonal bipyramidal structure has been extensively demonstrated for phosphoranyl radicals, vide supra.
It is of interest to notice that the average P-P distance is 2.18Å which corresponds with a distance under normal conditions. The P-H distances vary between 1.430Å and 1.444Å, close to the normal value of 1.437Å. The absence of specific changes in bond lengths and the variation in geometric configurations results in a decrease of the Tc value in comparison with e.g. the highly symmetric H 3 S system.
Considering the structure in Figure 3 it remains still a problem to give a real representation with geometries for the P 5 H 10 oligomer. The poly-radical structure as given by:
enables the possibility for the interaction profile with mono-radical (PH 3 -and -PH 2 -) and biradical (-PH-) fragments in the super cell. In relation to the afore mentioned description, this model also offer an explanation for the charge polarization in the P-H bonds via partial electron-donation of phosphorus to the P-H σ* bond as electron acceptor. It looks as an apparent conflicting pattern in the description of chemical bonding between low-and high-pressure chemistry.
Following the computational results it indicated that the superconductivity is a result of the structure assumed by the two-dimensional surface and that the mobile electron move within the two-dimensional layers, and along the P-P bonds. The same conclusion could be drawn for the other PH 1-6 structures containing one-dimensional chains and two-dimensional sheets. The decrease in Tc value in comparison with H 3 S reflects in a more specific way the absence of P-H-P hydrogen bridges. This gives the possibility to a combination of structures which comply with the mentioned conditions, resulting in reversible conformational change. Summarizing, our concept is mainly based on the correct combination of trigonal bipyramidal and tetrahedral configurations. The aspect of intra-molecular charge compensation for iodides with other combinations certainly will broaden the interest in the theoretical and the structural behavior of these type of interactions.
Role of Bond Symmetrization for a Specific Linear
Generally, conformational changes are exceptional for these polyiodide ions in the case of redox reactions. Physical-chemical properties based on halogendoped triiodide anions are known. It demonstrates the extraordinary behavior of these anionic and cationic systems [32] . Within the scope of our work it may be of interest that under pressure even the stability of compounds as Na + Cl − changes and new materials with different stoichiometries can be presented at pressure as low as 25 GPa [33] . Calculations predict the stability of Na 3 Cl, Na 2 Cl, Na 3 Cl 2 , NaCl 3 and NaCl 7 compounds with unusual bonding properties. NaCl 3 was synthesized at 55 -60 GPa in the laser-heated diamond anvil cell at temperatures above 2000 K. The formation of NaCl 3 and NaCl 5 was carried out with excess chlorine. The structure of NaCl 3 is ionic bonding, described as 
Conclusions
Recent investigations have demonstrated that hydrogen sulfide systems with H 3 S stoichiometry show superconductivity with a transition temperature of 203 K at 155 GPa.
A fascinating aspect is the position of the hydrogens in the network showing a symmetrical arrangement. The conclusion in the paper of Errea et al. is that considering the quantum vibrations of the atoms in the calculations of the Gibbs free energy, the configuration with symmetrized bonds is favored [1] . With the values for the pressure and the lattice parameter as given in Table 2 , we were able with curve fitting as demonstrated in Figure 2 , to obtain under "zeropressure condition" the lattice parameter and the corresponding covalent sulfur-hydrogen distance. The value for the lattice parameter is 3.37190Å with a covalent S-H bond distance of 1.26446Å. The regular value for the bond distance is 1.32Å. The conversion values from the lattice parameters into the covalent bond distances were based on the S N 2 profile illustrated as X − + CH 3 X. This model has been described in a number of papers. To the best of our knowledge, the symmetrical hydrogen bond distance between sulfur and hydrogen in the superconducting hydrogen sulfide system is one of the first stable examples of this unique hydrogen-bond symmetrization. It may be noticed that under highpressure conditions symmetrization of the hydrogen bond in ice is realized indicating that the hydrogen-bonded protons initially located at asymmetric positions of the O-O separation will relocate to the symmetric midpoint, which transforms the system to the symmetric phase [34] . In addition, it is of interest to emphasize that curve fitting in Figure 2 demonstrates the specificity of the crystal structure enabling superconductivity. The loss of superconductivity is depicted with the sigmoidal curve. Demonstrating the unique behavior of H 3 S as superconductor, we gave attention to recent research of Shamp et al. [9] . They used evolutionary algorithms in combination with DFT calculations to select possible stable hydrides derived from the decomposition of phosphine indicated as PH [1] [2] [3] [4] [5] [6] . The non-specificity is clearly demonstrated by the three metallic PH 2 phases demonstrating super conductivity between 100 and 200 GPa. One of these phases is the complex system PH 3 -PH-PH 2 -PH-PH 3 
